Objective: Appropriate skin closure is essential and several techniques are available such as dermal sutures and metal staples. Absorbable staples have promising qualities. Our aim was to lower the Surgical Site Infection (SSI) rate with the use of subcuticular absorbable skin (Insorb™) staples.
Introduction
Appropriate surgical incision closure plays a key role in the overall outcome of each surgical procedure. Several techniques and materials have been described to achieve closure of the skin. Widely adopted are transcutaneous non-absorbable sutures, absorbable sutures and metal staples. Since 2005, a new technique was developed using subcuticular absorbable staples of polylactic/polyglycolic copolymer (comparable with braided absorbable threads such as Vicryl™), named Insorb™ Absorbable Skin Stapler (Incisive Surgical Inc., Plymouth, MN, USA) [1] .
Reducing the number of SSI's is of large interest for patients and surgeons, based both on the reduction of morbidity and costs. An increasing number of publications are available concerning wound closure with absorbable sutures. These reports show positive results regarding pain, cosmetics and absorptivity in wound closure after caesarean sections and in plastic surgery [2] [3] [4] . In vascular bypass surgery wounds are a major challenge for the surgeon; besides limb salvage and distal wound healing, wound healing of the inflicted incisions must be reached. It was anticipated that for this reason, the application of the new absorbable Insorb™ staples could positively attribute to a better wound healing. Because of these possible advantages, we decided to test Insorb™ Staples in cardiovascular compromised patients who were indicated for infra-inguinal bypass surgery in our facility. We expected the rapidly applicable absorbable staples to reduce the SSI-rate in femoro-popliteal bypass surgery. A comparison was made with a cohort of patients undergoing an infra-inguinal bypass in the preceding two years. Special attention was paid to the incidence of infection and wound healing. 
Methods

Study design
The surgical procedures were performed during a 2-year period from December 2012 to December 2014 at Wilhelmina Hospital Assen, the Netherlands. The design was consistent with a phase 4 study as described in the IDEAL framework [5] . A comparison was made of absorbable skin staples with a prospectively maintained database of patients treated with intracutaneous sutures. Retrospectively, these data were reviewed for patient characteristics. Patients' data were analyzed anonymously.
Ethical considerations
Institutional Review Board approval for the introduction of this skin closure technique was obtained. Informed consent was received for the patients prospectively included. We had no plans for publication, but because of the rare outcome this seemed mandatory post-hoc [5] . As a consequence, besides the Institutional Review Board, the Medical Ethical Commission was not informed. Study information for the patients was provided in advance during their preoperative visit. They were informed about the procedure and required compliance. All patients were given one-week time to make their decision regarding participation in the study and all gave informed consent (absorbable stapler group).
In the intracutaneous sutures group retrospective patient file research was not in the scope of the Dutch Human Bound Research and ethical approval was not required. Table 1 shows the in-and exclusion criteria for enrollment in this study. The absorbable stapler group (group A) consisted of a group of prospectively screened patients that underwent infrainguinal bypass surgery with absorbable skin staples. The staples were deployed capturing the dermal layer of both sides of the incision. The stapler contains 20 individual, horseshoe-shaped staples, 5 mm long x 3.5 mm wide x 0.7 mm thick. Closures were accomplished by having an assistant approximate and elevate the skin edges into the stapler device, using 2 forceps, while the surgeon fired the stapler (Figures 1 and 2 ). All involved vascular surgeons and surgical assistants were trained on the use of the dermal stapler. All had the opportunity to use the stapler in a testing setting.
Study population
Group B, which served as a control group, consisted of a prospectively maintained database with retrospectively recorded characteristics treated with intracutaneous sutures. They underwent surgery in the time period December 2012 to July 2014, with closure of the wound using a running absorbable suture (Caprosyn™ 3-0 monofilament absorbable suture, Covidien, Mansfield, MA, USA).
Patients in both groups underwent surgery with closure of the subcutaneous tissue with a running 3-0 braided polygalactin suture (Polysorb; US Surgical, Norwalk, CT, USA).
Data collection and outcomes
Data recorded included age, sex, Fontaine classification, risk factors (smoking habits, diabetes mellitus, hypertension, hypercholesterolemia, familial predisposition), side of the operation, duration of surgery, supra-or infragenual landing zone of the bypass, autologous vein or PTFE (either heparin coated or not) and hospital length of stay. Post-procedure complications were recorded, as well as the need for redo surgery. Primary, primary assisted and secondary patencies of the bypass were calculated.
The primary outcome was the rate of Surgical Site Infections (SSI's). Secondary outcomes were the numbers of seroma formations and rebleeding necessitating reoperation. Also the duration of operation and the hospital length of stay were evaluated, as were the patency of the bypass and the necessity of an additional amputation. The definition of a SSI was purulent drainage from the incision, organisms isolated from an aseptically obtained culture in case the wound opened spontaneously, or an incision that was deliberately opened by a surgeon for reasons of suspicion for infection, and its culture positive or not cultured. The patient had at least one of the following signs or symptoms: pain or tenderness, localized swelling, erythema, or heat, as mentioned in the CDC-guidelines [6] .
In patients treated with the absorbable stapler (group A) and patients from group B, hospital-location and treating vascular surgeons and assistants were unchanged.
Statistics
In 2015, the incidence of reported SSI's in infra-inguinal bypass surgery was 15% in the Netherlands [7] . We hoped to reach a reduction of our infection rate from 18% (our own historical data) to 9%. A power-analysis with an effect size of 90% and a margin of 10% in the formula; n= 8
, calculated 227 patients in each group necessary to avoid a type II error (alpha 5%, power of 80%) [8] .
The proportion of patients complicated with a SSI was calculated with risk differences (RD) and their corresponding 95% confidence
When this CI includes zero, the H0 is accepted, meaning no significant difference between the proportions. The same method was used for the risk factors of the participants in each group and their secondary outcomes. Differences between continuous variables, such as age, duration of surgery, hospital length of stay and duration of follow up, were calculated using the Students t-test. Normal distribution was tested with Kolmogorov-Smirnov test and in case of skewness a log-or inverse-transformation was performed. Significance was set at p<0.05.
Results
Demographics
A total of 6 subjects with an indication for infra-inguinal bypass surgery were identified and gave permission for inclusion in the absorbable stapler group, coded as group A. Patient demographics and operative parameters are shown in Table 2 .
The retrospective study cohort intracutaneous sutures consisted of 38 consecutive patients, who had been treated with a running intradermal suture: group B. Patient risk factors were not significantly different between the two groups, except for familial predisposition and the number of patients with Fontaine grade III classification; they were more common in group B. The latter group also enclosed patients treated for popliteal aneurysms, two with minor symptoms of distal ischemia (Table 2) .
A completion angiogram was routinely performed since the beginning of 2013. As a consequence, not all patients of group B had an angiographic evaluation at the end of the operation (16%).
Primary outcome
A total of 4 wounds of group A (n=6) were complicated with a SSI (67%). Three wounds opened spontaneously, due to traction on the skin. Staples were removed, but the wound was not cultured.
The fourth patient had a positive culture for Pseudomonas aeruginosa. Due to extensive edema after revascularization, the staples seemed unable to contain continuity of the skin ( Figures  3 and 4 ). In control group B (n=38) 7 patients (18%) had a surgical site infection (SSI). The risk difference (RD) between group A and B was 0.48 in favor of group B (95% CI 0.09-0.88). Four of these 7 patients of group B needed a second operation due to this infection (Table 2) . Two patients had cultures positive for Staphylococcus aureus, one contained Bacteroides fragilis, and the 4 th was infected with Escherichia coli and Enterococcus faecalis. The other 3 had a minor SSI with dehiscence of the wound. One wound was cultured and showed growth of Staphylococcus aureus, the remaining 2 were not cultured.
Secondary outcomes
Postoperative seroma formation was only seen in group B (7/38= 8%) (RD 0.18, 95% CI 0.06-0.31). One of these 7 patients had a subsequent wound infection, but no organisms were identified from the cultured wound fluid. The remaining 6 wounds with a seroma healed without further complications. One patient from group A had profuse lymph leakage. The seroma drained through the staples. No SSI occurred.
Re-operation for persistent bleeding was performed in two patients from group B (RD: 0.05, 95% CI -0.02-0.12). Duration of surgery was similar in both groups: the mean of group A was 183 min (95% CI 156-215 minutes) versus a mean of group B 178 min (95% CI 162-195 min) (p=0.84, normality after logtransformation). Mean hospital length of stay for group A was 6.7 days (95% CI 4.6-12.1) and for group B 4.7 days (95% CI 4.1-5.5) (p=0.15), with an overall mean hospital length of stay of 4.9 days (95% CI 4.2-5.7 days) (normal distribution after inverse transformation).
One patient from group A had a toe amputation due to persisting ischemia. Five patients of group B were treated with an additional amputation (forefoot-, below knee amputation, and through knee amputation). Two patients (5%) died within 30 days postsurgery, due to congestive heart failure after surgery (Table 3) .
After a mean follow up of 6.8 months all conduits were patent for group A. One patient of this group was re-operated for closure of a persisting arteriovenous fistula following an in-situ venous femoro-tibial bypass (Table 3) . The mean follow up with duplex ultrasound examination of group B was 15 months and available for 31 patients (82%); 2 patients had died in the first days postoperatively (5%), 4 patients (11%) expired during follow up from conditions unrelated to infra-inguinal vascular disease, and 1 patient was lost to follow up (3%). During follow up 6 bypasses (16%) failed due to thrombosis. This occurred after a mean time of 12 months (2, 4, 10, 13, 22, and 23 months) after initial operation. The occluded bypasses were above the knee with vein in 1 and below the knee with vein in 2 patients. PTFE was used in 1 patient above the knee and 2 below the knee. One graft was successfully recanalized with intra-arterial mediated thrombolysis and additional stenting of the distal anastomosis. One patient was treated with a second open surgical bypass below the knee. Two patients were not suitable for redo surgery and an amputation was performed. The remaining 2 patients had healed wounds without complaints.
During follow up 3 other bypasses showed a proximal or in-bypass stenosis. These patients underwent an additional percutaneous intervention, one patient in the common iliac artery and 2 patients in the bypass. The primary patency, primary assisted patency, and secondary patencies for group A were 83%, 83%, and 100%, respectively. For the control group (group B) these numbers were 49%, 70%, and 80%, respectively.
Discussion
This study shows that subcuticular absorbable skin staples in peripheral vascular surgery do not decrease the number of wound complications. The technique has positive aspects such as fast applicability and easy evacuation of wound fluids, but more dehiscence was seen in the intervention group. Postoperative swelling and edema seem to contribute in these problems. Absorbable staples are not strong enough, resulting in a higher infection-rate than the average 15% [7] .
Endovascular surgery becomes increasingly popular. It enhances convalescence in peripheral arterial disease. Favorable outcomes are seen with a lower number of SSI's [9] . However, there still is a necessity for open surgery in selected cases. In our cohort, severe signs of ischemia were seen. The majority of our patients (57%) needed a bypass below the knee joint (TASC C and D lesions) not suitable for endovascular techniques. And the average age of the patients was 70 years, with skin thinning.
In these vulnerable patients, we hoped to reduce wound complications with the relatively new technique. These supposed advantages are highlighted hereunder:
1. The applicability seems to be more rapid compared to dermal sutures [3, [10] [11] [12] . Despite training of our vascular team, we did not find a shorter OR-duration in our intervention group. But, these were 6 venous bypasses, necessitating harvesting of the greater saphenous vein, which may explain the lack of time reduction.
2. Evacuation of excessive fluids would be an advantage of the new staples thus evacuating the postoperative seroma. One patient suffered from excessive drainage of fluids after using absorbable staples. Formation of a huge seroma was prevented. This would not have been possible in case of intracutaneous running sutures, closing the wound airtight. In the outcome, more seroma formation was seen in the control intracutaneous sutures group.
3.
Metal staples require an open connection between the subcutaneous tissue and the dressings, draped upon the skin. They give more erythema and drainage [13] . Metal staples cause skin irritation and require removal [12, 14] . The puncture holes result in scarring, as well [1] . Although absorbable staples seem to cause some short-term patient discomfort they also proved to have advantages over metal staples [14] .
When these rapid absorbable staples do evacuate excessive wound fluid, and do not increase inflammation, we could hypothesize that only the strength of the staples was insufficient.
Research shows them unsupportive after 3 weeks (<0.3 lbf*) [13] . Especially patients with skin thinning, such as elderly, are inappropriate candidates [10] . The strength was a problem larger than the drainage of fluids.
Stress on the wound edges was mentioned before to cause problems [3, 11] . Additional subcutaneous sutures may prevent disruption [11] , and one study even mentioned over sewing absorbable staples with extra sutures [14] . When looking at our outcomes, the number of SSI's was higher in the absorbable stapler group compared to the sutures group (respectively 67% versus 18%). All wounds opened were classified as infected, but the number of reoperations was significantly lower than in the intracutaneous sutures group (57% of the infected wounds). These surgical sites were infected in a deeper layer. At skin-level the absorbable staples do not increase the amount of fibroblast proliferation, inflammation, or collagen deposition compared to dermal sutures [10] . SSI's were not caused by the absorbable staples, but infection followed the dehiscence of the wound. Limitations to the present study are numerous. The design is not randomized; numbers are small; a historic cohort was compared to a small number of prospective participants. Not all wounds were cultured when opened and duration of follow up was different between the two groups. But disappointing results urged us to warn fellow surgeons [15] .
In peripheral vascular surgery wounds have a high stress on skin edges and regarding our results, we would advise against the absorbable staples in peripheral vascular surgery. Wounds in other parts of the body, e.g. in breast surgery, transplantation surgery, and facial surgery may have different characteristics and therefore less dehiscence. 
Conclusion
Although this study is underpowered, we describe the first application of an absorbable skin closure technique in major peripheral vascular procedures. Absorbable staples were compared to standard closure with running intracutaneous absorbable sutures. Because of insufficient strength of the staples and postoperative edema in peripheral vascular surgery, we advise against absorbable staples in peripheral vascular surgery.
